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CLAIMS 



[Claim(s)] 

[Claim 1] In the system which has the Raman Feiba laser (30) which receives the pump synchrotron orbital radiation of 
wavelength lambdap, and emits the output light of wavelength lambdan more than lambdap said Raman Feiba laser (30) 
a) It has the optical fiber of a certain die length which has the field in a cavity (21) of die-length L arranged between an 
input area (34) and an output area (35). Said input area (34) and output area (35) It has the main wavelength lambdal 
and lambda2 and the fiber BURAGU grating which has -lambdan (n is two or more and is lambdal <lambda2<-- 
lambdan here), respectively, and is b. In said input area (34) The main wavelength lambdal and lambda2 and the fiber 
BURAGU grating of —lambdan It is arranged in sequence which becomes large as the main wavelength separates from 
the field in a cavity, and it is c. In said output area (35) The main wavelength lambdal and lambda2 and the fiber 
BURAGU grating of -lambdan- 1 It is arranged in sequence which becomes large as the main wavelength separates 
from the field in a cavity (21), and it is d. In said output area (35) The fiber BURAGU grating (31) of main wavelength 
lambdan is a system which has the Raman Feiba laser characterized by being arranged between the field in a cavity (21), 
and the fiber grating of main wavelength lambdan- 1 . 

[Claim 2] It is the system according to claim 1 characterized by arranging the fiber BURAGU grating (3 1) of main 
wavelength lambdan in said output area (35) between the field in a cavity (21), and the fiber grating of the main 
wavelength lambda 1, and the peak reflection factor of the fiber BURAGU grating of lambdan having the main 
wavelength of said output area (35) in 10 - 25% of within the limits. 

[Claim 3] For the fiber BURAGU grating of lambdap, main wavelength is the system according to claim 1 by which it 
is characterized by arranging main wavelength in the distance further from the field in a cavity (21) rather than the fiber 
BURAGU grating of lambdan- 1 in said output area (35). 

[Claim 4] Center frequency spacing between said adjoining fiber BURAGU gratings is a system according to claim 1 
characterized by corresponding to the frequency shift of the range of 1 1 .7-14.9THz. 

[Claim 5] The field in said cavity (21), an input area (34), and an output area (35) It has the optical fiber of the silica 
base altogether. The delta (delta) of the core of this optical fiber to 1 .0 - 1 .8% of within the limits The delta (delta) of a 
cladding layer goes into -0.5 to -0.1% of within the limits, and the deltas (delta) of said core are (nc-nO) / nO. The delta 
(delta) of a cladding layer is a system according to claim 1 which it defines as (ncl-n0) / nO, nc is the effective refractive 
index of a core here, and ncl is the effective refractive index of a cladding layer, and is characterized by nO being the 
refractive index of fused silica. 

[Claim 6] a) Main wavelength goes into 10 - 25% of within the limits, and the peak reflection factor of the fiber 
BURAGU grating of lambdan is b. In said output area Main wavelength the fiber BURAGU grating of lambdap Main 
wavelength is arranged in the location which is distant from the field in a cavity from the fiber BURAGU grating of 
lambdan- 1, and it is c. Said two or more fiber BURAGU gratings The system according to claim 2 by which full width 
at half maximum of a reflective bandwidth is characterized by having a reflection factor included in 0.8-2.0nm. 
[Claim 7] Said system is an optic fiber communication system. A transmitter (61) and a receiver (67), The optical-fiber- 
transmission pass which connects this transmitter (61) and receiver (67) (63), It is the system according to claim 1 
characterized by having optical fiber amplifier (64) and the pump radiation source (66) of wavelength lambdap, giving 
said pump radiation to said Raman Feiba laser, and giving output radiation of wavelength lambdan to said optical fiber 
amplifier (64). 

[Claim 8] Said optical fiber amplifier (66) is a system according to claim 7 which is the Raman amplifier and is 
characterized by lambdan being 1 .45 micrometers or 1 .24 micrometers. 

[Claim 9] Said optical fiber amplifier (66) is a system according to claim 7 which is the optical fiber amplifier of Er 
dope by which a pump is carried out from remoteness, and is characterized by lambdan being 1 .48 micrometers. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the goods and the system which contain such laser especially about 

cascade-like Raman Feiba laser. 

[0002] 

[Description of the Prior Art] Cascade-like Raman laser (Cascaded Raman Lasers (CRL)) is well-known. For example, 
refer to U.S. Pat. No. 5,323,404. If it explains briefly, Raman laser will use the Raman-scattering phenomenon. This 
Raman-scattering phenomenon is a nonlinear optics process which reradiates wavelength which combines with the 
oscillation mode of this nonlinear medium the light which spreads the inside of a nonlinear medium (generally an 
optical fiber, usually optical fiber of the silica base), and is different (usually long). 

[0003] In addition to the optical cavity for the output light of wavelength lambdan, "cascade-like" Raman laser has 
further the optical cavity for radiation of wavelength lambdan- Kambdan. It is the integer of n>=2 here. 
[0004] When fused silica is used as a nonlinear medium, the maximum Raman gain is generated in respect of a 13.2THz 
frequency shift, and this is equivalent to a 50-100nm wavelength shift to the pump wave length between 1 micrometer 
and 1.5 micrometers. 

[0005] CRL can be used as the pump LD for the Raman amplifiers (13 lOnm or 1550nm), or 1480nm pump LD for Er 
fiber amplifiers of the remote pump in the optical fiber communication system which does not have a regenerator. Other 
purpose or other wavelength other than this can be used. 

[0006] CRL concerning the conventional technique has high conversion efficiency (about 35%) - it is small and is the 
high optical source of convenience. However, when conversion efficiency is improved, there is big economical 
effectiveness. For example, if conversion efficiency increases even several [ only ]%, the dependability of a semi- 
conductor pump laser diode can be raised sharply. The reason is that the dependability of such laser has a very high 
linearity dependency to output power. 
[0007] 

[Problem(s) to be Solved by the Invention] Since dependability is the biggest concerns in an optic fiber communication 
system, CRL to which conversion efficiency is made to increase sharply is desired extremely. Therefore, this invention 
is offering CRL with such high dependability. 
[0008] 

[Means for Solving the Problem] CRL of this invention receives the pump synchrotron orbital radiation of wavelength 
lambdap, and emits the output light of lambdan of the wavelength more than lambdap. CRL of this invention has the 
description indicated to claim 1 . Die-length L is usually about hundreds of m in die length here, and an output area and 
an input area are about [ lm ] die length. 

[0009] In the example of this invention a pump reflector (reflection) grating (pumpreflector grating) the location (in 
other words, when it centers on the field in a cavity, it is an outside [ grating / lambda 1 ]) still more distant than lambda 1 
grating of an output side from the field in a cavity (intracavity section) - for example It is in a location more distant 
than n-lambdal grating. Usually, a high reflective grating It has the reflective bandwidth of the range of 0.8-2.0nm. The 
maximum reflectance of an output coupler The frequency shift between the Raman laser stages which are 10 - 25% and 
adjoin is within the limits of 1 1.7-14.9THz, and the delta of the core of a cavity intrinsic-light study fiber is 1 - 1.8%. 
The delta of a cladding layer is -0.05 to -0.1%, and the die length of the field in a cavity is within the limits of 300- 
1200m. 

[0010] According to the above-mentioned description in the example of this invention, frequency effectiveness 
improves about 1%, and the still more nearly optimal configuration can also be used. On the other hand, conversion 
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efficiency is improved about 10% by the location sequence (rather than n-lambdal grating, an output coupler is 
arranged near the field in a cavity, and is usually arranged to a field nearer than lambda 1 grating) of a grating, and this is 
the very important description of CRL of this invention. In order to improve furthermore, it is necessary to adjust the die 
length of the field in a cavity suitably. 

[001 1] The distance between two estranged descriptions of the optical fiber used on terminological definition book 
specifications means the distance in alignment with the shaft of an optical fiber. "The field in a cavity" of fiber Raman 
laser means a central part without the grating of the optical fiber between an input area and an output area. And this 
input area and output area (it is named "edge part" generically) contain all the fiber BURAGU gratings of Raman laser. 
The estranged short period fiber BURAGU grating with main equal wavelength they are [ grating ] two pieces forms the 
optical cavity which emits wavelength equal to this main wavelength. 
[0012] 

[Embodiment of the Invention] The cascade-like Raman laser (CRL) by this invention has conversion efficiency far 
higher than CRL concerning the similar conventional technique. The important focus of this invention is the location 
sequence (so location sequence of an optical cavity) of an optical fiber BURAGU grating. This is explained below. 
[0013] U.S. Pat. No. 5,323,404 indicates various location sequence (they are things to reference about drawing J , and 2 
and the related explanation of those), and explains it as follows. "A Rhine-like refractive-index grating is in about 100% 
transparency condition in the wavelength of the outside of a reflective band, and, so, there is a degree of freedom in the 
arrangement location of a reflector, or [ for example, / that an optical cavity is put in order in good order ] -- or it 
overlaps to some extent and is arranged.", however a patent shown above are not indicated or suggested about the 
special location sequence indicated to claim 1 of this invention. 

[0014] In drawing 4 of a patent shown above, the Raman amplifier is indicated, and the main wavelength of the fiber 
BURAGU grating is increasing as it separates from the field in a cavity, this — being related - S.G.Grubb, OFC96, San 
Jose, California, Tutorial SessionsHandbook, and p.243 (1996) - reference — things. In p.256 of this reference, it has a 
pump reflector immediately behind the grating which has the main wavelength which increases with the distance from 
the field in a cavity, and the downstream of the field in a cavity, and CRL which possesses an output coupler from the 
field in a cavity to the most distant location is indicated. Refer to 259 as pp.258 to coincidence again. 
[0015] Existence of two loss mechanisms relevant to the BURAGU grating of the short period written in in the single 
mode fiber of the silica base is well-known. For example, it is related with this and is V.Mizrahi et al. Work J.of 
Lightwave Technology, Vol.1 1, and p. 151 3 (1993) P.J.Lemaire et al. Work Refer to Electronics Letters, Vol.29, and 
p.1191 (1993). 

[0016] By the former reference, the loss mechanism relevant to association to the back propagation clad mode 
(backward-propagating cladding mode) in wavelength [ a little ] shorter than the BURAGU resonance wavelength (main 
wavelength) of a grating is discussed, and it is arguing about the broadband background loss introduced by UV radiation 
used for the latter paper writing in a grating. 

[0017] Drawing! expresses the transmission spectrum of a series of five gratings (namely, output area of the grating for 
1450nmCRL), and shows the effect of these loss mechanisms. Figures 101-105 express the peak of the loss to which 
figures 111-115 originate BURAGU reflection of each grating in cladding layer mode coupling. The tail (an example, 
12) of the clad mode loss from a certain BURAGU reflector has attained to even the wavelength of the grating which a 
short wavelength side adjoins. 

[0018] In order to raise the conversion efficiency of CRL, cavity loss including loss resulting from the mechanism about 
which it argued above must be made into the minimum. By arranging a fiber BURAGU grating in suitable sequence, 
loss resulting from the mechanism about which it argued above can be reduced sharply. The location sequence of the 
conventional method used with the conventional technique is shown in draw ing 2 . This drawing receives pump 
radiation (1 1 17nm is emitted as an example of representation), and changes this pump radiation into output radiation (it 
considers as the example of representation and 1480nm is emitted). 

[0019] In 21 , 23 expresses an input area and 24 expresses an output area for the field in a cavity of laser. A splice is 
expressed with a notation "x." Laser can be formed without a splice (connection part) between the field in a cavity, an 
input area, and an output area at least theoretically. However, it is fused junction (fusion splice) to the field in a cavity 
about this edge field after the grating was written in the edge field from the reasons of manufacture. Carrying out is 
desirable. The fiber of an edge field is usually the same as that of it of the field in a cavity. 

[0020] An input area usually has five fiber BURAGU gratings, and the main wavelength is 1 175nm, 1240nm, 131 5nm, 
1395nm, and 1480nm, respectively. It has a grating to which main wavelength also becomes large as distance separates 
this input area from the field in a cavity (main wavelength becomes large, so that it goes outside, when it sees centering 
on the field in a cavity). 
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[0021] It is the wavelength (for example, respectively 1 175nm, 1240nm, 1315nm, 1395nm, 1480nm) which increases as 
an output area also has five fiber BURAGU gratings which suit the grating of an input area and the distance of the main 
wavelength from the field in a cavity similarly increases. The fiber BURAGU grating (for example, two gratings which 
have the main wavelength of 1 175nm) of each set forms an optical cavity, and the grating has a usually high reflection 
factor (an example, 95% or more). 

[0022] Pump radiation is spread from an input area to the field in a cavity, without receiving damage at all. The great 
portion of pump radiation in the field in this cavity is changed into 1 175nm radiation by Raman scattering, and this 
radiation is reflected by 1 175nm grating of an output area. This reflected 1 175nm radiation is changed into 1240nm 
radiation by Raman scattering after that, and this radiation is reflected by 1240nm grating of an input area. The process 
of this wavelength conversion by Raman scattering is performed until 1480nm radiation is generated. This radiation is 
used after that. 

[0023] Drawing.2 has the 1 1 17nm grating 22 on which an output area functions as a pump reflector (reflector). It is not 
the optimal, although the thing of the field in a cavity immediately arranged to the downstream is possible in this pump 
reflector as shown in drawing 2 . This is explained below. 

[0024] The above-mentioned laser actuation can be simplified and explained. Usually, before a photon (photon) receives 
Raman scattering, it has the inside of an optical cavity reflected, is coming and going, and as a result, it comes out of a 
cavity, and it generates the photon of long wave length rather than it enters in the following optical cavity. 
[0025] CRL by this invention is shown in drawing 3 . this drawing - setting — the "pigtail" of the fiber of the former 
[ 33 /32 and ] - 34 - an input area - in 35, 31 expresses an output coupler and 36 expresses a pump reflector for an 
output area. It is distinguished that the grating of various classes is also for the main wavelength lambda Klambda2<~ 
lambdan- 1 <lambdan. 

[0026] Although the location sequence of a fiber BURAGU grating was shown in drawing 3 , below, this location 
sequence reduces loss and explains the reason to which conversion efficiency is made to increase as a result. 
[0027] Since there is an experimental result said that the clad mode coupling from a certain grating is lost by the short 
wavelength side of the grating, all clad mode loss of CRL to which the above-mentioned location sequence originates in 
lambdap radiation which passes lambdal grating of an input area is reduced. Although long wave length is oscillating 
by many off-resonance gratings in a cavity more further again, this does not serve as big loss. That reason is that there is 
less effect of background loss than this wavelength with short long wave length more. When both background loss and 
clad mode loss arrange a grating appropriately in this way, it can decrease sharply. 

[0028] It was found out further again that the conversion efficiency of CRL is greatly influenced by the output area 
grating of the arrangement location of an output coupler and the optical cavity for output radiation. This output coupler 
is usually a weak grating (generally in main wavelength, it is only only 20% of reflection factor), and does not generate 
clad mode coupling big so. As a result, conversion efficiency can improve by bringing an output coupler close to the 
field in a nearby cavity, and arranging it from the arrangement shown in drawing 2 . In CRL by this invention, an output 
coupler is the grating of the output area arranged to the field in a cavity most at near ( drawing 3 ). 
[0029] drawing 3 - setting - 32 and the fiber pigtail of the former [ 33 ] - 34 ~ an input area - in 35, 31 expresses an 
output coupler and 36 expresses a pump reflector for an output area. The grating of various classes is distinguished by 
main wavelength lambda Klambda2<~lambdan-l<lambdan. 

[0030] As shown in drawin g 3 , even if it arranges an output coupler, big clad mode loss cannot be introduced into 
resonance short wavelength, but the background loss which output radiation (lambdan) receives can be reduced sharply. 
[003 1] The pump reflector 36 is a strong grating (the reflection factor in lambdap is 95% or more) which introduces big 
background loss. Background loss of CRL can be reduced when a pump reflector is the output area grating which has 
been arranged in the distance from the field in a cavity rather than lambdal grating and which has been arranged in the 
desirable most distant location from the field in a cavity (as shown in drawing 3 , this is one example of this invention). 
However, arrangement of a pump reflector as shown in drawing 3 is an alternative matter. For example, when a pump 
reflector grating is formed as a weak grating, a pump reflector can also be arranged near the field in a cavity ( drawing 
2). 

[0032] The increment in large conversion efficiency is acquired by the location sequence of a grating as shown in 
drawing 3 . For example, in order that CRL (lambdap=l 1 17nm, lambdan=1480nm) by this invention may change 
1 1 1 7nm light into 1480nm light, inclination effectiveness high 9% is acquired as compared with CRL of the 
conventional technique in which only the sequence of a grating differs. 

[0033] this invention persons found out that conversion efficiency improved by choosing the bandwidth of a grating 
suitably. For example, the improvement of 4% of conversion efficiency was obtained by reducing all the bandwidths 
(full width at half maximum, i.e., FWHM) of a 1.8nm [ conventional 2.3nm to ] high reflection factor grating. CRL by 
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this invention has the grating of the high reflection factor (95% or more, preferably 98% or more) of the bandwidth 
within the limits of 0.8-2.0nm in this way. 

[0034] On the occasion of selection of the minimum spectrum bandwidth, a spectrum bandwidth from which overlap 
good between two gratings which form a resonance cavity as a matter which should be careful of is acquired is covered, 
and it is that a high grating reflection factor is the need. It is because the optical power reflected from a certain grating 
will be weakly reflected by the 2nd grating and this will give a large cavity loss mechanism, when not carrying out the 
reason in this way. 

[0035] Since about 0.1 nm is a limitation, the precision of the wavelength of the present grating manufacturing 
technology is the bandwidth of a high reflection factor. » It is made 0.1 nm (for example, about 0.3nm), and must be 
made for the field of a quantity reflection factor to have to have a good lap as a result. The die length of a grating can 
determine the relation between a high reflection factor bandwidth and full width at half maximum (FWHM). The 0.8nm 
minimum FWHM is dependent on grating die length in part. When a grating with a die length of 1cm or less is used, a 
high reflection factor bandwidth is restricted to 1 /about 2 of FWHM. 

[0036] this invention person found out that selection of output coupler reinforcement influenced conversion efficiency. 
For example, in the case of the output coupler of 20% of reflection factor, the conversion efficiency optimal in the case 
of the pump power of about 4 W is acquired by above CRL. In fact, it is dependent on many factors and, generally the 
optimal output coupler reinforcement cannot predict the optimal value. However, an experiment can determine an 
optimum value and it is usually 10 - 25% of within the limits. 

[0037] In a fused silica system, the greatest Raman gain is generated in a 13.2THz frequency tooth space, germanium- 
silica system fiber - setting — the maximum gain — some - a long wave ~ although it generates in the location shifted 
to the merit side, the reason is that Ge02 contributes to the susceptibility of Raman scattering. In CRL, desired pump 
wave length and output wavelength are not separated by two or more maximum frequency shifts. 
[0038] However, we have found out not becoming a fall to the extent that conversion efficiency is not necessarily 
accepted, even if it uses the frequency shift which is not the optimal. Choosing a grating which the multiplier of the 
Raman gain is at least 90% of the maximum to the frequency shift between 1 1 .7THz and 14.9THz in the silica system 
fiber of germanium-dope when it explains concretely, main wavelength corresponds, and is different does not affect 
conversion efficiency at all, but a still bigger degree of freedom is given [ as opposed to / the result / selection of output 
radiation / to the designer of CRL / with pump radiation ]. 

[0039] In order to make a laser oscillation threshold into the minimum and to make the Raman susceptibility increase, it 
is desirable to use the germanium-silicate system fiber which has a high delta (delta) and a small effective core. 
However, the fiber which has a small effective core may often show loss unusual for the engine performance of CRL. 
The fiber of a delta high further again must be what can carry out a splice to the splice (the splice of an input area and 
the output area is carried out to the field in a cavity) to itself, and the fiber of another design (an input pigtail and output 
pigtail). By various reasons, a splice must be low loss. 

[0040] The above-mentioned requirements found out that it could suit when the fiber of a high delta has a fluorine 
impregnation cladding layer, and when a pigtail is a matched clad fiber (matched-clad fiber), the case where there is a 
delta (delta) of the cladding layer which the splice to itself is made, and the delta (delta) of the core of a high delta 
(delta) fiber is located in 1.0 to 1.8% of range, and doped the fluorine by selection of this fiber to -0.5-0.1% — difference 
- the splice of a pigtail becomes easy by diffusion. 

[0041] Conventionally, the vocabulary (a core, a cladding layer, a delta (delta), matched KURRADINGU (matched 
cladding)) used here is well-known, and this contractor can understand it. For example, (nc-nO) / nO can define the delta 
(delta) of a core, nc is the effective refractive index of a core here, nO is the refractive index of fused silica, (ncl-nO) / nO 
can define the delta (delta) of a clad, and ncl is the effective refractive index of the cladding layer of F-dope here. 
[0042] Drawing 4 shows the delta profile (refractive-index profile) of the optical fiber used for the field in a cavity and 
output area of CRL of this invention. 41 is a core, 42 is an inside cladding layer, 43 is an outside cladding layer and this 
outside cladding layer 43 is prolonged even on the outside front face of an optical fiber. 

[0043] The die length of the field in a cavity of CRL is a parameter, and it depends for the optimal die length on loss of 
laser, the size of an effective core, and pump power. It depends for the output power of CRL on the die length of a fiber 
as shown in drawin g 5 . It is related with this and is W.A.Reed et al. work. OFC'95 Technical Digest, p. 107, and WD1 
Refer to. In order to make CRL into immunity to fluctuation of a splice, or loss of a grating, it is desirable to lengthen 
the die length of the field in a cavity a little to a certain pump power rather than the die length from which output power 
serves as max. 

[0044] As a result of explaining above, this die length is far shorter than the die length to which CRL concerning the 
similar conventional technique corresponds. The die length of the field in a cavity of this invention is about 500m to the 
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die length of the field in a cavity of the conventional technique being about 1km. Thus, when the die length of the field 
in a cavity becomes short, conversion efficiency rises and cost also falls. However, the field in a cavity of CRL of this 
invention does not necessarily need to be 1km or less. Generally within the limits of 300-1200m, it is 700m or less 
preferably. 

[0045] Drawing 6 expresses the system of this invention, namely, the optic fiber communication system 60 by which the 
pump was carried out from remoteness has a transmitter 61 (it is on usual ground 1), and a receiver 67 (it is on usual 
ground 2). It connects with the conventional fiber 63 for transmission, and is transmitted to the optical magnification 
fiber 64 through there, and the signal synchrotron orbital radiation 62 (for example, wavelength of 1.55 micrometers) is 
further transmitted to a receiver. The pump synchrotron orbital radiation 68 for optical magnification fibers is given to 
CRL66 by this invention, it is combined with the fiber for transmission by conventional WDM65, and this is transmitted 
to an optical magnification fiber, for example, Er-dope fiber, through there. Raman laser is chosen so that radiation (an 
example, 1 .48 micrometers) of the wavelength suitable for carrying out the pumping of the optical magnification fiber 
with which signal radiation is amplified can be outputted. 

[0046] CRL by this invention is used for giving the pump radiation or 1.55-micrometer signal radiation for the Raman 
amplifier (an example, amplifier for 1.31 micrometer), and such amplifier and the optic fiber communication system 
which has CRL of this invention are obtained. CRL by this invention is a commercial system irrespective of the 
existence of the pump radiation source, and this is also one example of this invention. 

[0047] Example 1CRL was formed as shown in drawing 2 . The main wavelength of a fiber BURAGU grating is 
1 1 16nm (pump reflector), 1 174nm, 1239nm, 131 lnm, 1394nm, and 1484nm, respectively, and FWHM of these gratings 
is 2.0nm, 1.8nm, 1.9nm, 2.0nm, and 1.8nm, respectively. The reflection factor of 1484nm grating (output coupler) of an 
output part is 25%. 

[0048] The radius of a core is 2.0 micrometers, the delta (delta) of an inside (depressed) cladding layer is -0.27%, the 
die length of the field in a cavity is 1km, and it has [ a fiber is a germanium silica system fiber and / the delta (delta) of a 
core is 1.16% and / the outer diameter of an inside cladding layer is 4.5 micrometers and ] the outside cladding layer of 
the silica system which has not been doped. If the pumping of the CRL is carried out by 1 1 16nm pump radiation from 
the conventional source, laser will be oscillated by 1484nm. This CRL is the threshold of 700mW, and inclination 
effectiveness [ 47% of] (input-control-power-threshold)/(output power). 

[0049] Example 2 - although CRL was manufactured like Example 1 in this example, a pump reflector (111 5nm 
grating of an output area) is exchanged for an output coupler (1485nm grating of an output area), and the reflection 
factor of an output coupler is 10%. This CRL has the threshold of 688mW, and 52% of inclination effectiveness. 
Although this grating was not the same as for it of Example 1, the difference and FWHM of main wavelength were not 
big. 

[0050] Example 3 ~ although CRL of this example was manufactured almost identically to CRL of Example 2, there are 
the following differences. 

i) The pump reflector has been arranged between an output coupler and 1 175nm grating of an output area. 

ii) The reflection factor of an output coupler was 23%. 

iii) The delta (delta) of the core of a fiber was 1 .67%, the radius of a core was 1 .7 micrometers, the delta (delta) of an 
inside cladding layer was -0.07%, the appearance of this inside cladding layer was 22.5 micrometers, and the die length 
of the field in a cavity was 480m. This CRL had the threshold of 384mW and inclination effectiveness was 56%. 
Although this grating is not the same as for it of drawing 2 , the difference of main wavelength and the difference of 
FWHM are not big. 
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j:«»«A B <om*3eta«w* 5 v^7 r -f au— r 
(30) zirti xXxAtcfeor, 
ijie7v>'7 r-f^v—r oo > «. 

a ) xtsmm (34) t tiijjtm (35) kamtzs, 

Lo^+tr-f ■< (2i) 

Btria7v.*ii^ (34) < 3 5 > few. ^ix-e 

tL^^ttAAt, A 2 . -A. (iiTnl42fiLhT, Aj 
<A 2 <-A n ) *^T4 7T-f^'?7*5^^— r-f ^ 

b ) wisZXJim® (34) tfcv vc , +£«JtA , , 
A 2 , ■••A n ^7r'fA'7'7^L'-f'fy/li -f<0+ 

c ) BfflBiU^^^ < 3 5 > fcfcWt . +6MA i . 
A 2 , •••A n . 1 c07r-f^N*7*7^V-x^>'^{i. -t^ 
•WMftJta^fcf-r* rtplt^ (2 1) frfclifiSfcUfc 

d ) laf affiTJlIJ^ ( 3 5 ) tcfc V %T . 4"C>ifcft A „ <7) 
7r-fA77^V-f<^ ( 3 1 ) 14, 3fA-b-T-4 
l*Jffi*iS (2 1) i:4"C«SA».,^7r^ A^— r-f 

[it** 2 ] ffireaiAffiw (35) ttj^T, 

ftAj^r-fWrn-f-f ^ ( 3 1 ) 14, 
•v t'f 4 rtffitt (21) b A , 07 r -i'W 
~t< y^'bcomizWM^ix, 

mZ&JjM® (35) <0«f«^* < A„«77^A'y7 
^U-X-f 5^*>tf-?R9««i, 1 0-2 5%<0iE 
Hrtfc* & i i: £#Sti: ^TSiS^S 1 ieiSOS^-r-t. . 
[ 11*5! 3 ] KflSffiTlffi^ (35) (CtifcYCli, 
SSft^A ( ,c7)7r^>'N*7"^^2/U— -f 4 

Ii*A„. 1 «7r'fA7'5//U-f^/J:H^ 
t'x <r PWW* (21) £>£i8< tUB£ix£ £ b 

tWBkk-ti fi*Jf l im<r> ^xfA . 

^^OBlO+iCflfiHRBIffiBi. 11. 7-14. 9TH 
z oig EBofflttft i/7b (c*f J&T S Z b zmtt-t h II 

[ff*Jf 5 ] HrE^+tf-r (21) fcAfl« 

£^7r4A<03Ttf)'r/l'* (A) l±l. 0—1. 8 
%<7)iSffll*l£, ?77 KJS^f-'/W^ ( A ) {4 - 0 . 5 A* 

fiffien 7*<0t';U^ (A) (4 (n.-n 0 ) /n,jt\ ? 7 
•y Y-m<r>=r)V^ ( A) J4 ( n cl -n c . ) /n c ,-CSEfg§ 
tu <I ^Tn c (43T^W^lStff'$T\ n c 1(4^7-/ F 



H?)W£&S#r$T\ n Ottawa 'J j&<0S*P|et**£ 

[»«3S6 ] a ) *««3i>'A^7r >f a'/^^ 
/U-f V ^OK-^RIWi 1 0-2 5%£DKISl*l 

b ) «BEia*<awtc*jv»"r , a,<*>7 r-f 

a'77^/1/- ^^4, 4"C«**'A n .,«7r^ 

c) mE«ft07 r >f Ar^^l^— r-f^i, R 
ft^KitB^ffi^HIJ&fO. 8-2. OnmKASRS* 

[«*IS7] ME^^xA{4^7r-f^'ilfi^X-rA 
T* 0 . i*flf§ (61) k&am ( 6 7 ) k „ itfSSfl 
» ( 6 1 ) fc§ft*i (67) £««*-S*7 r -4 AgiM 
AX (63) fc, #7T-f A«Hi8 (64) k. jfcRA 
P <7)^y7l5cStV-X (6 6) k£WU 
miXyT-mtli. msi^^^r^^U-^z^-x.^ 
tl. «JU„^ffiMfc9t^E3fc7r4A«Wi» ( 6 
4 ) tc-fj-i. ^iiS-I k if** 1 est^x 

[«*3B8 ] mm.7 r A iVmm ( 6 6 ) {4, 77 
An(il. 4 5/«m43t:*41. 24Aimtfc6u>^ 

&k-tzia&m7im<7)i'X'r*. 

imrn 9 ] mz%.7 7 4 vcqm ( 6 6 ) ia, ^pi 

*^.-Ky7-$fl.i»E r h'-7V)3fc7r-f Aif«I£FC* 
0, 

A n (41. 4 8/xmT'ft*ifc*1«ai:-r4lt*3i7E 
[000 1] 

yyr^^U-^zmL. mzzcD£o%U-*?£&tt 
mSaby^Mzm-fh. 
[0002 ] 

mm<7>&W1 *^^-H«7?yi/- 9* (Cascaded R 
araan Users (CRL) ) (4, 43fftnr*«. i?IJ;U4*l! 
#frm 5 . 3 2 3, 40 4 **«H<3C: k . 

iw^^yiiaaawi. imsmw (-®M\zim 

[000 3] ^77--h'ttj ^57>l/-f{i. 

< A n v-)M^^^tT ^ ^ § ^i:*f 
[0004] -jgRfiv-u t&mmmtkk txm^t^-t 
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b^T'l^U dWil w mi: 1 . 5 p.m<r^<r>i£y 
rmklZtt U 5 0 — 1 0 0 n mi9*fcf|^7 h teffl 3"f 
4. 

[0 0 0 5] CRUil 3 1 Onmitlil 5 50 nm 

(Dy^ymm^m^yyu- -t'tLx. b&^iiU*k 

yrs?)E r 7 r-Y^N'tiiHtfffflc?) 14 8 0 nnrf^ri/- 

[0006] fiE*sfflfrta&»a»*cRUi. «vi&ftft* 

(»3 5%) *tthA&XnWto*\VK&V-X? 
ft*. L^Ls 30*»*^L^8c#3*i&fc:*:&* 

*«Bflc#tt£ir-*-4 x-h 4 . 

[0007] 

ft i,-* iztill 4 EckemU&X'h 4 fcW;: . 

mz±mzmfiZ «<t?^cR L^tajftt v > 

4. L^oT^^ii-co.t^^fMStt^^CRL 
£ii«-t4<ri:T'£>4. 
[0008] 

[|RS2rJ8^-rS>t:ft^S] *IMH<0CRLI4«*A 

mmr?&. *jwi*>cRUi. mxmtsmLt: 
mw& 4 . nn§L (iji^mwm^cDft § -e 

[0009] 2j5%HB<OHi£09Ci3V^Tti, .ify^U 7V 
9$ KWM) y \s —t 4 y^(pumpref lector grating) 

It. &j]M<?)A l 7)s-^<>yj;K)i 1 *'rt'T<t?im 
$s (intracavity section) o£j8lf"»{2M (S^ 

-TorMftM) mm. m%* n - 1 ru-T4> 

0. 8~2. Onm^SHcOSI^N'yr-'i^S-WL. £tj^] 

7V>1/- m<olSkoH*»S'7Mil 1. 7 — 14. 
9THzC0M*K::£>9, 4 1*17^7 r-f Ac?) 

=J 7iOf;P?(i 1 — 1 . 8 %T\ ? 7 -y KJKO-rfl^H: 
-0. 05H-0. 1%T'35 I ). Jf-vtr^fa^ 
j|*te3 0 0~l 2 0 0m<D^Hl*l(;:£>4. 

[ooio] *mw<mmmizi8ft&±m<m miz «t 

<itl^r7SrA n . 1 ^b'-7 i ^>'^«fc0t>^ j rfc:x 

•fflnsssisiiu a^A^ix-^^^^iot 



[ooii] mm<7)%m. 

*mmx'®mzix& r a a*> 2 mmm vtzim 

4. 7 7-fA77yi/- ¥<d rdf ^t'-r-f fc 
2^<0*^+JJW»»*»W-*. ZLXZcoXjjmi&b 

3 v ft < & mm- 4 . 

[00 12] 

V— r (CRL)ii, 3R«<0«3lMS«fc:*»3&»4 CRLJ; 

{*M>t%&**&r < <mmm) x°hh. ztiiz 
^xmzwLw-tz. 

[00 1 3 ] fflEftff^. 3 2 3, 4 0 4flt 
*KWW* <0UW, HI. 2i:*OWjlgJHj2-#Bi(c 

<nm]fcmy\<'-7-4>yi&. ^MJ^yv^vm^^z 

*5\rX\±. imi 0Q%im$mX\ *tVQ>Z.»7l<7 
[0014] ffiWW»lr<0BI4T»±s 9^>««»&I!B 

it. ^-^t'-r ^ ^mm^mt^iz-otixmtaLx^^ 

ZiUzmtXlt. S.G. Grubb, OFC '96, San Jose, 
California, Tutorial SessionsHandbook, p. 243 (19 

%).&m&z\t. mjtMnp. 2 56tj3^r«i. 
ft 4 ^mm^^mmtmzmath 

c7)fitis^{2g(cm7j^r5 ^mii-rs c r l^^l 

TV^. |1IB#4z47 , -p P . 2 5 8 1 2 5 9 $r#ff§cO^ 
t. 

[00 151 y-'J*^(?3i'>/A' : c-K7r^A'fl 

tlfcffl LX it . V. Mizrahi et al. g<7) J. of Lightwa 
ve Technology, Vol. 11, p. 1513 (1993) t . P.J. Lem 
aire et al. 3£co Electronics Letters, Vol. 29, p. 1 
191 (1993)£#BS?),r >. 
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[0016] W#<0:SaRt1±. 7U-r- < vWfJV 

7 7 -v K^E— H (backward-propagating cladding mod 

ftftffc J: 9£A£;fx47u- My KAlMtM^zo^ 

[0 0 17] Hll4-»>5»!)^— ^ (ED 
*>, 14 50nmCRLI^i/-f^ y/«!B*i 

Atf>fW£jSl/0*4. 8*1 0 1~1 0 5fi. ^ft-f 
fuo^-r-f V:/<7)75;/KSf£, gc^l 11-11 
514, *5vH**-K»£fcjBBW-4«Sfe^e-** 
*f. &477^9 7U7**^<9?7»/}< ; E:-r-MIifc 
(fifg. 1 2 ) 14. JS»*M«o»8rt-*7V-f-<r 

[00 18] CRL<7)^^&*Srf6l±$ii:l.^t3. ± 
GCttS Lfc * * -Xi, (CjSH-r 4 £-£#>T * + t' 
f -f Lfc WUf 3r . 7r^A'/7/ 
7V-f < > ^*3*«J*«tf <Ii:t-4 0 . ± 

#*B2lCiSr. HE«±dfy7TR» LT 1 1 

17nmSfcIf) *WRU ^OsK^Tftlf^ffiMklt 
(-ftWIfc LT 14 8 0 nmMi ) . 
[0019] 21 i±U~ rco^-vt'-r rt««*s 2 3 

l±A*ISii§£. 2 4{4it}7J*§ilS££H\ XiifS 
rxjTUt, ^< fcfcJSOlWKti^— iWf-vt' 

(fusion splice) -TSOtW* U">. iffiigPIRiigO 7 t 

4. 

[0020] A*«Wl43a* 5ffl©7 r -f A7? 
-f 4 y^£#U ZcO&CMmtZtl^tLl 1 7 5 n 
m, 1 240nm, 1315nm, 1 3 95nm, 14 

8 0 n mX'h 4 . £*X*JJ*«J4. * ■* t'f < ftW&fr 

^-rortirfh ( * -f t-f < ftMmz^'bfc 
[0021] )&±mmi*?<K < $m<r>y\'-T4>'7'i<zm. 
nw&Mim t < t'f < fiffistfrbnwm&m*. 

btzltzWixmtiai-&%L& 1 7 5 

nm, 1 240 nm, 1315nm, 1 395nm, 1 
4 80 nm) T'&4. #*f?)7 r 4 A'/7//U-f -f 
(flRtt'l 1 7 5 nm««MS:tn 2fi^ 
U-f 4>?') ti. 3^*+ t'f ^f«L ZrLX* 



cr>7'U-r < yfli. a«KV>RIWi(«s 9 5%W 
±) £W^4. 
[0022] jff^rftWJi, 

*&&»4>* t'f * rt»«N5SH"4 . + t'f * ft 
fRWTJKVTlMt^WWi. ^HBSUcJ: 0 117 
5 nmttHCSSftSfu £Wifc»*«iftfj««*>l 1 7 5 
nm/l/-f -ry?'tc4:9KSt$:h.4. i<0R»Sil/5 
1 1 7 5 nmflafli^a^VliafcJ: 0 1 24 0 n 

msatcamsfu *Lxzcomitf*3jm®*>i 2 a 

0nm/i/-f -f y^triORWSit*. 7v>tJSL^ 
4 5I?)!S[«^i<7)7o-t:7vii, 1 4 8 0 n miftSfjMt 

[0023] E2i±. itiJimmtxyzrvyu?? (K 

ItS) t LT«Sfrf« 1117 nm/l/-fO/2 2 

+ ff < cFaoufcsaw* - 1 i4^iit* r 

[0024] ±KOU— T»W4, *«fl:LTK»!BT& 
4. 51^7 ^rhy (3fe^) J±. 9WttaSrWt*l»t= 
T^^f ^ t'f ^ $tLTff -afc 0 LX& 

-etx^iem. a- t'f ^ a^aiT&co^**^ 

t'f rtt=A4 «fc W«Z>7 * r- y Sr^fi£-T4 . 
[0025] *«flB(C J:4CRL$:a3(C^-r. 110^ 
*5V^T. 32, 3 3(il5lW7TY r tVf — /Uj 
Sr. 3 4«4A*iWK?&, 3 5ttffi*«W*, 3 1f4tfi7J 

3 6(4.-K>'7U7^^^^-r. «^^-a^ 

O^l^-f 4 y^{4. •€-^t^A 1 <A 2 <-A n . 1 
<A n T-toTES<J$it4. -i- 

[0026] 7?^ ^5^i/-f ^ yfmiWW? 

[00 27] ife47'U— f -f >^*><?>«07 7-y H-t— K 
^{4. -e^^-f yynmkmtC'WL'kbtc&b 

co a , ^?V-f ■< y ^t3iii-r 4 A p ScStic®@-T4 c R 

9 Av^feft^^ t'f ^ ^^IWI^i'-f -f y 
^T«LTV>4* J . ^lix{i:A^ 3 5rJft^i:ii:^^ : 5r^. 

*wi^g*<^^*^"e*4. *>< LxHr-gm&t?? 

i"4 - i: tc «t 9tcHK(£MT'# 4 . 
[0 0 28] S&fc4fcCRLtf)3ISjB&*li. 

y vrnwimt . &*m*R<wm* * t-f ^ coai7j« 

«^u-f -r yfizx 9 < l»*Sft 4 d > j!p'Ev » 

( -iaw(ci4tt"C^^*3^T*)-f3&»2 o %<7>wMmz 

jfirt'V ^ ) 9 . **LttC*# i-;57 F 
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s-r 4 zbizx*) &#-r4 ; k a«r * a . i * 

(03) . 

COO 291 H3fc*iivc. 3 2, 3 3li^7r>f 
At^f-;p£ N 3 4liAJjfWK£, 3 5l±m*«W 

[0030] aj**T7^3^-r«taiesLTt± 
*;&3t ( a „ ) irsst** *nfc«wr 4 - k 

#Tt*4. 

[0031] Jif^ru 7i^? 9 3 6*4. ^t^rir^a* 

5%J2Lh) Tft*. CRL<DW«*Jfctt, >JfyrU7U 

? * # Ax ^u-f * s^J: 0 1 * a- t'f - rt«W»»^> 
it < fcEKSftfc x JffiL<li^ t'f <r 4>« 

)s99<vwm.i±. mmm%T*>&. mtit. #>-tv 

y\s9 97'V-=r<tV7'-tfm7\s-=r4 >9tLX&& 
SjJifc«£fctt. tf^T U 7 l^? fit** t'f < rtffitt 
ifi<tES^-4ifct,^rtg-C*4 (02) . 
[0032] 03 iZxk-t£ o ^91 — f 4 y^ffifUS 
*toJ:0, ^Hi^^^O*Sp^#^ii4. M*.J4\ 
*^HJiw«fc4CRL ( A p = l 1 1 7nnu A„=148 
0 nm ) it. 1117 nmt03K£ 14 8 0 nm*«tefcSE 

, . t$t*rcOCRL(cJtKLT9%«i^lfHaj^^#^^4. 

[0033] ^gi$&3*i4. yv—'f- 4 y/«A> 

VVfc'Lfc. fltf.tr, fiS*<7)2. 3nmKl. 8nrrW\ 

If. I|J*>FWHM) £M<o-f-.lkt::J:94%o^}il2» 
?>c£#j&^£>fl*:. *»<L"C*SHBfcJ:*CRLJi, 
0. 8—2. 0 nm^SlrtiOA'yH^lRltf ( 9 
5%m±. *f£L<{49 8%Jilt) O^-f -f ^£ 
*-T4. 

[0034] SigX^^ h 7 AAy H«<oa»?fc:R. L, 
atrT^ViIk LT(4, ^HS** t'f < fffiSfth 2 
®7>?V~f * ^OT'iyiF&^-Av -/-rW&hixh 

9mmtfi'£m%ztx'hh . *<m&\t. n^oiz 

L&V hh9V-^4V9is>hWM^ixtz% 



[0035] mE<»9i<-T < >?wM8ffi<mswm 

FW4»0. lnm (Mz-imO. 3 nm) izL 

cfwhm) tcomnmmt. /i/-f^^s${: 

J:9*£TS4. 0. 8nm<7)35fg<7)FWHM{4. 9V 
-f <f iZ-Mtm-th . 1 c m&TiOftS <7)^ 

W-f •* «R»*/<>'l<«iF 
WHNl<7)l,m2ftC0 1 tcMdj5ix4 . 
' [0036] m##T5&Jt^SIfR(4^^CCi£^ 
4 i k £*«»&HJLlr tffLfc. fctftf JLE<0CRL"C 
#4 W^^TV*?— S®<5D^^{i:2 
0%<OMSt^«oaj^*r7<0%^tf#<bix4. SQRtcii 

0 . -dRWfcMOttfcW*-* - k J4^T«rC£>4 . 

~2 5%<OiEBF*3T'&4. 

[0037] jfflK^U^SRKliS^TIl, ffc*C<05V>-^ 
>it 1 3 . 2 T H z ^iiJi^A^-X-efg^i-^ . G 

*«0Bfc:^7 h Lfc*0fC»^r 4 **, ZcomMtG e 
0 2 ^7V>fS[SLOfS^1St^-r4*^T'fe4 . C R 

tMmmisy biz i 94Hi**Lro«rir». 
[0038] L^L. ©3STl4:S:l^^vX7h$rfflV^ 
T t . #f L t SlSI«»*<w«t Ail ^ix=5rv M J J; coffiT 

Wt&b, G e - U*^7 r -f ^'lCfcV%T . 

11. 7THz>14. 9THzcr>HOJS?SSc^7htC: 
«-UTii. 5^y^^Ofifi»W-€-Oft*fl[<0il»*<t 

t 9 0 0 . 4"t^***StH5 LXm% 4 ^ U-f 

•t^ttRC RL<7)^fi-#^{4^^7ScSt i: m^fitSf^S 

L§ 4> ^ S o*l4 . 

[0 03 9] l^-if^ilLSV>ffl^S<S(cL. 
«tefc*ln3#4jfctf>K:. iSv^f'/w^ (A) t/l^^* 

fflv^4<0*«#4 Lv>. L*»U /h$=5r*^^T2rW-r4 
7 r >f Aii . C R LOttfigtC t -» -CHft&fll** L<4' L 

^ t'f -r l*lM^ic7,75>f 7.-T4 ) *5 ktfmtDmW? 
r -f -» <CA75 -f 7.-T 4 i k ^T'is 4 4) ^ ( 7<h f^f 
-;pkjil^tr7'f-^) T*»mtf*is>*v^ 
&iz X 0 . xit&m£X'&irtiil!%t>%:\>\ 
[0040] ±M07)mmt. -m^Tr)V9<n~7T4)*.tf~7 
•ymtX9 y v F«^#T4«^, fei^'t^f-;^' 
■7-yf Y-9V V K7r-f^' (matched-clad fiber) ^ 
^•CJS^-T'is 4 i k ftJlv^f Lfc . w^7 r >f /<t033HR 



(6) 
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S^sO&fflC&O. 7-yS£ r-'-by;/L*::7 7-y KJf 
CDtVI':? ( A ) is 1 — 0 . 5-0. l^t^ft^^te, 

mw&mz x o t^f-/^^77 xw®% t % h . 

[0 0 4 1 ] ClCl-CfflV^il^ffliS (37, 
JI. tVI^ (A) . V-yf-K? 7 7f< ^7" (matched 
cladding) ) (4^*^^iiOT* 0 . S^(C{±ag? 
T'# ft & <?)X'h ft . T<7)tJU7 ( A ) te . ( n 

c -n c . ) /n c T^T#, ddTnJiarO^Sfcf 
JfST'&O, ncteM^U^WrC&O, ^7 7K 
^f^^ ( A) te (n cl -n 0 ) /n 0 "C'^a-C'^; 
Tn cl teF- F-7W9-y KJl^^&SSf^TS) l> . 

[0 0 42] H4li, ^HJiDCRLiO^r^bx-f 1*1^ 
®k &jjMMlzm^ t>1xh%7 r A ^'^f/^rn ? r 
4)U (gff$rD7r>f^) 4 ltenTT\ 4 

2tel*KII? 7 -y KJTt\ 4 3 teWII? 7 y 0 . 

i ^hfffl ? 7 v K S 4 3 \t% 7 r A J Wmmmz £ T 
SEtfft t«TJii. 

[0 04 3] CRL<04r^b'-T-f rtfUi^Sd. 
■VAX, #>7'/-<7-lZ{mi-&. CRLOiMJ^V- 

am 5 (c^-r J: 7^7r^ ^*?>ji§ tz&tFt ft . <r *uc 

IWLTte, W.A. Reed et al.^<7) OFC *95 Technical D 
igest, P . 107, WD1 Z^m^Zk. CRL^X77-fX 

co^». bh^\±yv-v-< ymmtkizttL^mmz 

•tztztblzli* 3^ b'T 4 l*HBJ£?)ft$ *hh*V7°n 
v-tcttU aJTV^-tffi^fc&ft^iOl.^^NI 

[0044] ±.mzw% Ltzt&Mk. zcomimttwm 

HmtHZfrfrh C R L J: o t i±s 

1 k m X'h h ftlztf L , #5MH05s* b'T- -f nmM&M 
Zltm5Q0mX'fch. Z<7)£olZ*-r&r4fiffi®<7) 
«*#ffi<£ftCMtJ;9^&^P#±#U 
hifflTPTft. L*>U #fgBJJWCRL<D*^bT-rF < ? 

efc-f Lt 1 kmOTtftSieSli*^. HRW 
(C3 0 0-1 2 0 0 m<OEfflf*FT\ *?* L<te700m 
J21TT**. 

[0 0 4 5 ] ®6te, sWHBOa^T-At:**-, IIJ*>3§ 
mfrbtfyrziitz^ tA wnssxrjK 60(i.I 
flS6 1 (5MHftJbl«0±t*«) fcSftH6 7 (&« 

Of, 1 . 5 5jtzm*>afcfi) te. fi£#<OfciMJB7 7^6 

3 izmmti* -e r fcii-oTaiei 6 **? r^A64 1& 

ffl^>-r&lt^6 8{i. *ffiffltciftCRL6 6t:4- 
£ £>*U i W±flaWDWD M 6 5 fc <fc 0 iSStffl7 r 4 A 



SftftglSSixft <fc a £^ff«f 7 r 4 Afr^y fy/f 
ft<9CaLfc»*^tt*f (WL 1. 4 8//m)$atfrC 
#ft«fcojgifi$*,ft. 

[0046] «fc ft CRLIt Tvyigi|i#g 

(M, i. 3iumm<7)mm$/s) mntfyrmihz^ 

tel. 5 5jume^m£*£*<3Cffl^fc*U 

a *am» fc*fWH*) crl * w-r 7 t > <ii(t ^ 
• [ 0 0 4 7 ] 09 1 

CRL£H2l;:5K-tid0l£L*:. yrA^yy^^U 
-T- -< y^o+i&iHWi. wmi 116nm(^y 
r'J7U7*^) , 1174nm, 123?nm, 131 
lnm, 1 394nm. 1 4 84 nmT'^O . -fL^^" 
l>— f -f >" /©FWH 2 . 0 n m . 1 . 8 

nm. 1. 9nm, 2. Onm. 1. 8 nmT*#>!>. J±5 
TJ^Ol 4 84 nm/l/-f^ ^ (ffiTJ^T-^) «0 

[ 0 0 4 8 ] #r b'T- < Nm$.<7)%&\± 1 k mT% 7 r 
A ) <li? t jls-?-'7 A yy*l7r^N't, a 7V)t7^ 

(A) tel. 16%X\ Z!Tcr^m±2. 0jJ.mX\ F*} 
®| (depressed) ? t y HJiCOr^^' ( A ) te— 0 . 2 
1%X\ \*iM7 7-y Vm<MVm$4. 5jotmT\ K-r 
l/C&V^ 'J *m^rM^ 9 y H**»* ft . ftSWV- 
Xfrt><01 1 1 6 nmjJfyrSScWC'CRLSr^yb-y^ 
•f-fti:. l/-flil4 84nmt'IIfl>. iWCRL 
te, 7 0 0mWc7)L#tMi>47%<O<!M8W <A*^< 
*7 L#iMI) / (tiJTl^V-) Tftft. 

[0049 i mi 

^wM-eteCRLte, mi tmmizwmLfc&. <e.l& 

Mr 7 {\&ftm&<?)l 4&5nm7\s-7- < >?) k 
#yTV7ls7? (ftf}ffi.t&<01 115 nmy'V-f -f 

>^) ^mLrmTj^r^^KSt^tei o%-c-«)fto 

C(7)CRLte, 6 8 8 m WW L # i: 5 2 
^£#1-ft. i^V-f ^ yy'iiMl^^ltiffl- 
Tte&V ^^t'SESWHi: FWH i Wt'te^r 

[00 50] M3 

c: ioM^c r um 2 we r l t mm-izmm Ltz 

i) ^7-';7i^^^te, m^7-7kint>m^i 

ii) fc-hXT-jKmimi. 23%x"h^tz. 

iii) 7r^^(7)37^fW(A)li:l. 67% 
T\ 3T<7)#Mltel. 7/xmt', »7 7 Ki^f/I' 
? ( A ) te- 0 . 0 7 %X\ iOI*!!!? 7 -y PJ|«)»HB 
te22. 5MmT\ ^^rb'T-f rt^tgc0^§te4 8 0m 
X'h-ot:, Cli7)CRLte3 8 4mWOL#^<i?r : S't, 

ffiWSftWi 5 6 %X'h^>ti. znyv-r- < y?\tm 2 
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cr>Zil t l±H— Mfi. 4"I>i£*tf)i£ i: F WH MO 
[01 ] — j»?D7T-f /^U— r< ^iOS**'*.? h 

[B 2 ] «#««*>:#»a»4 crl zmtm 

[0 3 3 *3fKBfc*»j&»4 CRL £frT0 

[05 3 ^HJ^CRLiO^^V-W^^t'x^ rt« 

[^^)U1HJ3 

2 0 #^Ka9WHf(CRL) 
2 1 **\zr<1*i®m 
2 2 1117nm/U-f 
2 3, 3 4 ATJllftS 

24, 35 tatimm 



3 1 
32, 
36 

4 1 
4 2 
4 3 
6 0 
6 1 
6 2 
6 3 
64 
6 5 
6 6 
6 7 
68 

1 0 1 



3 3 3fc7r-T^'fj/x-/W 
*MIf?7vKJf 



WDM. 

^^^-Ht^vyi/- 9* (CRL) 
-10 5 T^KSt 



1 1 1-1 1 5 a^e-? 

64 0 X77-fA(i^) A 



[013 



[043 




1.4 
1.2 
1.0 

§ 0.6 

« a4 

0.2 
0.0 
-0.2 







i 
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10 15 
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[03] 



ifl 21 *H»*«B* JBsern/** 



UX / h nu m i mi — uih«w - 



Xp — w, H I I 1 111 ll l l l i lt M ^ * " ^ II N i l l lll l l l l - 1111 \ mm • \n 
J Vl ** A " X 2 



eery-*- 
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